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Abstract 
The aim of this research was to find the existing challenges to and opportunities for he 
use of solar energy, in commercial office buildings in the northeastern region of the Uni ed 
States.  Although solar energy is an abundant source of energy, it is still not the number one 
source of energy when compared to other renewable sources of energy. This research xplored 
some of the hindrances or hurdles associated with it and any new opportunities available. 
The research tried to analyze the various solar energy utilization strategies or other 
renewable energy strategies employed in a Leadership in Energy and Environmental Design 
(LEED) certified building and the motivation behind them. Throughout this research study 
different initiatives, progress and future outlook related to the goal are discussed. Case studies 
that included surveys or in-depth interviews were conducted along with extensive literature 
review for this research study.  LEED Certified green buildings located in the northeastern 
region of the United States were selected for the case studies. The case studies included buildings 
where solar energy was actively utilized and where solar energy was not utilized. The 
information collected from the case studies, surveys and interviews were used for further 
analysis and drawing conclusions for this research.  
Though the idea to use solar energy in buildings has been discussed in the past decades, 
recent years have witnessed factors that have brought increased focus on the use of alternative 
energy, including solar energy. The research underlines the importance of asp cts such as 
financial viability, government initiatives or incentives and environmental benefits or concerns. 
The results of this research present the current opportunities and challenges for solar energy 
utilization in commercial buildings, which may be of interest to individuals or research 
institutions, industry or government.  
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1. Introduction of the Topic 
1.1 Statement of the topic 
The goal of this research was to find the existing social, economic and environmental 
challenges to and opportunities for the use of solar energy, in commercial offi e buildings in the 
northeastern region of the United States (US) and the associated initiatives, progress and future 
outlook. This research also studies the use of solar energy employed in Green Buildings1 and 
their contribution to sustainability in commercial office buildings. 
An extensive review of the literature and case studies that included surveys or in-depth 
interviews was conducted for this research.  Six LEED certified green buildings were selected 
for case studies. The selection was conducted such that three would be buildings where solar 
energy is actively utilized and three without the active utilization of solar energy. Surveys and in-
depth interviews were conducted with professionals associated with the engineeri or design or 
public relations of the selected buildings. The information collected from the case studies, 
surveys and interviews were used to identify the opportunities and barriers and to draw the 
conclusion for this research.  
1.2 Significance of the topic 
The idea to use solar energy in buildings, including commercial buildings, is not new. 
Historically, reasons like lack of financial viability owing to the ready avail bility and lower 
prices of combustible fuels, and lack of guidelines, common standards and initiatives o support 
the new market have prevented the widespread acceptance of the idea. The Organization of the 
Petroleum Exporting Countries (OPEC) oil embargo of the mid 1970s was the first wakeup call 
                                            
1 See 2.8 Green Buildings 
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to look beyond combustible fuels. Major infusion of public and private money was dedicated 
towards research in energy efficiency and renewable energy research afte  t e embargo. Due to 
infancy in technology and abatement of the OPEC oil embargo, the focus on energy fficiency 
decreased and old ways returned (Frej 2005). The present years have witnessed factors that have 
brought the use of solar energy back in focus.   
Average yearly crude oil prices have increased from $15-$30 per barrel during 1995-
2003 to $90-$100 per barrel in 2008 (Organization of the Petroleum Exporting Countries 2010). 
Trends in crude oil prices suggest that higher prices are not a result of a single factor and would 
remain high after recessionary pressures abate. The price of US natural g s (U.S. Energy 
Information Administration 2009) sold to commercial consumers has increased from $5 -$7 per 
thousand cubic feet in 1995-1999 to $11-$13 in 2005-2008 (U.S. Energy Information 
Administration 2009). The price of heating oil, a distillate from crude, in the US which was 
$0.50 - $0.75 per gallon in 1999 has increased to above $3 per gallon in 2008 (U.S. Energy 
Information Administration 2007). Heating oil is a distillate from crude oil and is used by 
approximately 8 million US customers as a primary heating fuel, of which 6.3 million customers 
belong to the northeastern region (U.S. Energy Information Administration 2007). The increased 
price in crude and other fossil fuels merit another look into renewable technologies that were 
earlier labeled as financially not viable sources of energy.  
The effects of dependence on foreign oil for US energy needs were painfully observed 
during the oil embargo. Since then foreign oil independence and energy security have been oft 
discussed subjects. The US Department of Energy (DoE) indicates that in 2008, crude oil imports 
to the US were 9.7 million barrels/day and consumption of crude and petroleum products in the 
US were 19.4 million barrels/day (U.S. Energy Information Administration 2009). The gravity of 
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the problem becomes evident when we compare the above numbers to the 2008 global crude 
production which was approximately 74 million barrels per day (U.S.Energy Informati n 
Administration 2009). As mentioned by the US Energy Information Administration (EIA), US is 
very dependent on foreign oil. About 57 % of the petroleum which includes both crude oil and 
petroleum products are imported in 2008. (U.S. Energy Information Administration 2009) and 
some of the major exporting countries do not have a cordial relationship with the US government 
(U.S. Energy Information Administration 2009). Encouragement of the use of renewable energy 
sources is considered to be a great step towards energy security in the US. 
Global warming has accelerated due to increasing concentration of carbon dioxide in the 
atmosphere, resulting from the burning of fossil fuels (McGowan 2006). In this context it is 
worth noting that 85% of all commercial energy used in US comes from fossil fuel , mainly coal, 
oil and natural gas (U.S. Department of Energy 2008). The effects of global warming and climate 
change could cause biological and social issues (Gevorkian 2007), which may not be fully
understood. In 2007, approximately 72% of the electricity generated in US came from fossil 
fuels including coal, natural gas and petroleum (U.S.Energy Information Administration 2009). 
More detailed information on energy utilization is provided in the next pages. 
The emergence of initiatives like LEED by the United States Green Building Council 
(USGBC) and ENERGY STAR has improved the marketing possibilities for use of solar energy. 
ENERGY STAR is a government-backed program developed by US Environmental Protection 
Agency (EPA) helping businesses and individuals protect the environment through superior 
energy efficiency (Energy Star 2009). Government encouragement of renewable nergy 
technologies and solar energy, in particular, is another significant factor fvorable for solar 
energy (U.S. Department of Energy 2007). Improved technology for solar energy, inceased 
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availability of related professionals, corporate sustainability initiatives and increased public 
awareness of the above mentioned issues (Winebrake 2004) are some of the other factors that 
have made a revisit, into the use of solar energy in commercial buildings, relevant (Frej 2005).  
2006 Buildings Energy End-Use 
 
Fig1: 2006 Buildings Energy End-Use (Buildings Energy End-Use 2006) 
*SEDS is an energy adjustment used by EIA to relieve discrepancies between data sources 
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2006 Commercial Buildings Energy End-Use 
 
Fig2: 2006 Commercial Buildings Energy End-Use (Buildings Energy End-Use 2006) 
 *SEDS is an energy adjustment used by EIA to relieve discrepancies between data sources 
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Health Care 345.9 8% 
      Inpatient 438.8 6% 
      Outpatient 205.9 2% 
Food Sales 535.5 5% 
Lodging 193.1 7% 
Office 211.7 19% 
Mercantile 223.6 18% 
       Retail (Non-Malls) 172.6 5% 
       Enclosed & Strip Malls 255.6 13% 
Education 159 11% 
Service 151.6 4% 
Food Service 522.4 6% 
Religious Worship 77 2% 
Public Order and 
Safety 221.1 2% 
Warehouse and 
Storage 94.3 7% 
Public Assembly 180 5% 
Vacant 33.1 1% 
Other 318.8 4% 
Table1: 2003 Commercial Primary Energy Consumption Intensities, by Principal Building Type (Buildings 
Energy End-Use 2006) 
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2006 Electricity Generation Input Fuel Shares  
Fuel Used for 
Electricity 
Generation Percent of Total 




Other renewables 2.2% 
Nuclear 20.7% 
Table2: 2006 U.S. Electricity Generation Input Fuel Contribution (Buildings Energy End-Use 2006) 
1.3 Reason for interest in the topic 
Solar energy utilization and its financial viability has been a much talked abouttopic in 
the past. Though research has been conducted on this topic, recent geopolitical and 
environmental factors have made this topic an interesting one to the author.. According t  
USGBC report, buildings account for approximately 39% of total energy usage in US, most of 
which comes from non renewable sources. Buildings are also major contributors of greenhouse 
gas (GHG) emissions as they accounted for 38% of the carbon dioxide emissions in US (United 
States Green Building Council 2009). 
For developing a sustainable future, the author was motivated to research on renewabl  
energy sources, of which solar energy is the most abundant. This research throws light onto the 
current scenario of solar energy utilization in commercial construction, its opportunities and 
challenges and the road ahead. The author believes this research topic is cre to the energy 
security and energy independence of the United States, which in turn is capable of influenc g 
global political and environmental stability. 
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2. Literature Review  
The literature review was conducted to identify the opportunities for and obstacles to the 
utilization of solar energy in commercial office buildings. While both are mentioned throughout 
the literature review, in general, the opportunities are discussed in the initial sections and the 
obstacles in the later sections.  
2.1 Potential utilization of solar energy in buildings  
The United States has been a world leader in solar electric power technology especially in 
areas of photovoltaic (PV) research, technology, manufacturing and sales. However, other 
countries are continuously increasing their efforts in renewable technologies and solar energy in 
particular, threatening the US dominance. Though Germany has fewer solar re urces than US, 
in 2007, the PV installation in Germany was eight times  greater than that  compared to PV 
installation in the US (Sherwood 2009). The maps provided in the next pages will provide a 
general understanding on the solar resource availability in US and Germany. 
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Annual Average solar resource for US and Germany 
Fig3: Annual average total photovoltaic solar resource map for US and Germany (Photovoltaic Solar Resource: 
United States and Germany 2008) 
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2008 Annual US average daily total photovoltaic solar resource 
 
Fig4: 2008 Annual US average daily total photovoltaic solar resource (Photovoltaic Solar Resource : Flat Plate 
Tilted South at Latitude 2008) 
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2008 January Average US daily total photovoltaic solar resource 
 
Fig5: 2008 January US average daily total photovoltaic solar resource map (Photovoltaic Solar Resource : Flat 
Plate Tilted South at Latitude January 2008) 
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2008 July Average US daily total photovoltaic solar resource 
 
Fig6: 2008 July US average daily total photovoltaic solar resource map (Photovoltaic Solar Resource : Flat Plate 
Tilted South at Latitude July 2008) 
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The average solar energy insolation of US is almost 700 times the total amount of energy 
utilized in the US (Walton A.L. and Darwin C Hall 1990). Yet, as of 2006, solar energy 
accounted for only less than 0.1% of the total commercial energy consumed in US (U.S. Energy 
Information Administration 2009). Though insolation varies by location and weather pattns 
across US, the amount of insolation is an indication of the potential solar energy that can be 
harnessed. 
In 2006, buildings in US accounted for approximately 74% of electricity consumption 
and 39% of overall energy use (D&R International Limited 2009). The electricity and other 
energy use of residential and commercial buildings are approximately split evenly (D&R 
International Limited 2009). Buildings also generate the major share of GHG emissions.  
Buildings accounted for over 38% of the carbon dioxide emissions in US, in 2006 (D&R 
International Limited 2009). The contribution of buildings in the above mentioned areas are 
shown as charts in the next page. Encouraging the use of solar energy in this significant energy 
consuming sector could result in easing the future demand for energy. 
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Contribution of buildings – 2006 US primary energy consumption 
 
Fig7: 2006 Role of buildings in US Primary Energy Consumption  
Contribution of buildings – 2006 US electricity consumption 
 
Fig8: 2006 Role of buildings in US Electricity Consumption  
Contribution of buildings – 2006 US carbon dioxide consumption 
 
Fig9: 2006 Role of buildings in US Carbon Dioxide Consumption 
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2.2 Government Incentives 
Federal, State and local government incentives help accelerate development of new 
markets and promote US leadership in technology.  
There are increased State and local government incentives for the use of solarenergy in 
buildings. A few important state and local incentives are mentioned below. 
i. Commonwealth Solar, a joint initiative, by the commonwealth of Massachusetts and he 
Massachusetts Technology Collaborative provides rebates to install PV projects at residential, 
commercial, industrial, and public facilities. Commonwealth Solar will benefit commercial 
PV projects up to 500 kilowatts and is anticipated to result in additional 27 megawatts of PV 
projects in the next four years.  This initiative, started in January 2008, has $68 million 
available for funding for the next four years (Database of State Incentives for Renewables & 
Efficiency 2009).  
ii.  Green Building Tax Credit Program, by the State of New York, allows tax credits for 
buildings satisfying certain environmental standards. This tax credit can be used for the 
installation of PV, daylighting, solar space heaters and solar water heaters. This tax credit is 
available from 2001 until 2009 and is capped at $2 million per building (Database of State 
Incentives for Renewables & Efficiency 2009). 
iii.  New York State Energy Research and Development Authority (NYSERDA) is a public 
benefit organization in New York State with goals to reduce energy consumption, promoting 
use of renewable energy sources and protection of the environment (New York State Energy 
Research and Development Authority 2009). NYSERDA conducts and coordinates several 
programs and incentives for increased use of renewable energy. The New Renewabl , Clean 
Energy, or Energy Efficiency Product Manufacturing Business Incentive provides funding 
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for the development of manufacturing facilities for manufacturing products, which can 
improve energy conservation or renewable energy utilization (New York State Energy 
Research and Development Authority 2009). The New Construction Program provides 
guidance to incorporate energy efficient technologies and provides funding to offset 
additional cost of purchase of recommended equipment (New York State Energy Research 
and Development Authority 2009). 
The Federal government also provides a wide range of incentives to promote solar energy 
in green buildings (Database of State Incentives for Renewables & Efficiency 2009). Some of 
the major incentives include: 
i. Energy Efficient Commercial Buildings Tax Deduction 
 The federal Energy Policy Act of 2005 allows a tax deduction of $1.80 per square 
foot and is available for energy efficient commercial buildings placed in service from January 1, 
2006 until December 31, 2013. This is applicable for the installation of qualified systems that 
reduce the building’s total energy and power cost by at least 50% in comparison to a building 
meeting minimum requirements set by ASHRAE Standard 90.1-2001. 
ii.  Federal Modified Accelerated Cost-Recovery System (MACRS) 
This law allows businesses to recover investments in property utilizing solar energy, by 
depreciation deductions. The federal Economic Stimulus Act of 2008 had a provision for 50% 
bonus depreciation for solar and other eligible renewable-energy systems, in service in 2008. 
This provision for bonus depreciation was extended to 2009 by the American Recovery and 
Reinvestment Act of 2009 
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iii.  Business Energy Investment Tax Credit (ITC) 
The Federal business energy tax credit applies to businesses for the installation of solar 
and hybrid solar lighting systems, in addition to some other renewable energy sources, installed 
on or after January 1, 2006 through December 31, 2016. The tax credit for solar technologies and 
solar hybrid lighting is set at 30% of the project investment with no maximum credit. Prior to the 
extension of the Federal Solar Investment Tax Credit for Solar energy in 2008, Navigant 
Consulting Inc opined that extending the tax credit would be beneficial to 116,000 jobs and 
nearly $19 billion in investment in the US (Solar Energy Industries Association 2008). 
iv. Renewable Energy Production Incentive (REPI) 
This incentive allows a payment of 1.5¢ per kilowatt-hour in 1993 dollars, adjusted for 
inflation, for the first 10 years of operation of new qualifying renewable energy facilities, 
including facilities that generate solar energy. The incentive payment is only avai able to the 
electricity sold to another entity. Qualifying renewable energy facilities nclude not-for-profit 
electrical cooperatives, public utilities, state governments and other political subdivisions. The 
utilization of the electricity qualified to receive incentive payments should start prior to 2016 and 
the payments can occur between 2006 and 2026. 
v. Solar America Initiative (SAI) 
This initiative partnered by the US DOE with industry, universities, government and non 
governmental institutions, aims to accelerate the development of PV technologies with research 
and developmental efforts to make solar electricity from PV cost competitive with conventional 
grid electricity by 2015. Research and development efforts for concentrating solar power are also 
part of this initiative aiming to make the electricity generated by CSPcompetitive in the market 
by 2020 (U.S. Department of Energy Energy Efficiency and Renewable Energy 2008). 
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2.3 Global warming and greenhouse gases 
Global warming and GHG are terms more heard in media now, often associated with 
ominous warnings and concerned voices. Global warming is a term which is used to describe the 
gradual increase in the temperature on the earth (Stanford Solar Center 2009). Global warming 
and global climate change are considered to be the greatest imminent threats facing by our planet. 
The average global temperature has increased from 0.7 to 1.4º F since the industrial revolution in 
the eighteenth century. The burning of fossil fuels, (coal, oil and natural gas) is cited as one of 
the major human activities causing global warming. Climatologists fear that global warming 
might result in change in weather patterns, reduction of snow caps, rise in sea levels, harm to 
ocean life and decrease in agricultural production (Mastrandrea Michael D and Stephen H 
Schneider 2005). The Intergovernmental Panel on Climate Change, made a statement in February 
2007, indicating that GHG are the major culprits in global warming; “Most of the observed 
increase in globally averaged temperatures since the mid-20th century is ver likely due to the 
observed increase in anthropogenic GHG concentrations” (Mathews 2007). Increased public 
awareness of global warming and its consequences has presented a unique opportunity for solar 
energy to replace fossil fuels for energy needs in buildings (Katz 2007). Additionally there is a 
growing realization among property owners and management companies that carbon dioxide 
emission regulations are likely in the future and buildings will have more disincent ves to grow 
or even keep their current levels of energy consumption and carbon dioxide emissions (Yudel on 
2008).  
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2.4 Other favorable market conditions coming together 
The U.S. Green Building Council (USGBC) is a non-profit organization started in 1993 
to build a cross industry coalition committed to expanding and standardizing sustainable building 
practices (U.S. Green Building Council 2008). In 1998, the USGBC came up with the LEED 
rating system, to provide a voluntary consensus based standard for high performance sust inable 
buildings (Frej 2005). The LEED rating system encompasses all building types and credits 
strategies for sustainable site development, water efficiency, energy efficiency, materials and 
resources selection, indoor environmental quality and innovation and design process. The energy 
efficiency strategies under LEED encompass renewable energy, including solar energy (United 
States Green Building Council 2008).  The membership in USGBC has quadrupled since 2000 to 
19,957 member organizations including corporations, governmental agencies, nonprofits and 
others from throughout the industry. Currently there are LEED projects in all the 50 states in the 
US and in 91 countries and the number of LEED Accredited Professionals (LEED AP) have 
swelled to approximately 80,000. Approximately 10% of the commercial construction starts are 
expected to follow green building norms by 2010 (United States Green Building Council 2009). 
In 1992, the ENERGY STAR program, from US EPA, came into effect to analyze and 
rate the energy efficiencies of products. The ENERGY STAR was extended i  1998 to include 
office buildings. A building must be among the top 25 percent of all comparable US buildings n 
terms of energy efficiency to be certified under this program. Approximately 2000 non-
residential buildings had qualified for the ENERGY STAR label in 2004, which resulted in 
cutting their energy use by 40% (Frej 2005). The number of companies involved in the 
manufacture of solar thermal and PV components and the professionals working in such 
companies has grown in double digits from 2005 to 2006 (U.S. Energy Information 
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Administration 2007). In US, the new PV installations increased by 63% from 2007 to 2008. 
When realizing that the capacity of PV systems installed in 2008 was thrice the amount installed 
in 2005, the accelerated growth trends in this sector are glaringly visible (Sherwood 2009).   
1999 - 2008 Annual US photovoltaic shipments 











Table 3: 1999-2008 US Solar PV shipments, excluding exports  (U.S.Energy Information Administration 2010) 
Fig10: 1999-2008 US Solar PV shipments, excluding exports 
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The solar energy industry, consisting of manufacturers and distributors of PV, CSP and 
solar heating technology, has witnessed an impressive growth of 125 percent in 2007 from 2006. 
This growth has resulted in 6,000 new jobs and infusion of approximately $2 billion into the U.S. 
economy. Investors in the US financial markets invested billions of dollars in solar energy 
companies, anticipating the growing demand for solar energy and focus on clean, ren wabl  
energy sources (Resch 2008). Additionally there is an increasing pressure on the corporate sector, 
consisting of corporations, commercial developers and homebuilders to embrace green buildings 
and social responsibility (Yudelson 2008).  
2.5 Solar energy utilization techniques in buildings 
Energy conservation techniques can be broadly classified into active and passive. Passive
systems include techniques mostly integrated into the building design like size and placement of 
windows and orientation of the building (Frej 2005). It is estimated that lighting accounts for 
approximately quarter of energy use in commercial buildings. Effective and prudent utilization 
of daylight for lighting purposes is a passive design technique that can reduce the en rgy 
required for lighting. The electric lighting system should be sensitive to the available daylight for 
optimizing the benefits of day lighting by using occupancy sensors and light level sensors. 
Optimal use of day lighting requires consideration of the regional climate, the heating and 
cooling requirements of the building, orientation of the building, thermal mass and position of 
windows. It also involves participation of day lighting consultants, interior design rs and 
engineers (Frej 2005).  
Active systems use specialized equipments like PV systems, energy efficient cooling or 
heating systems and lighting systems. Concentrating Solar Power (CSP) systems work on the 
principle of focused sunlight. They use mirrors to focus the sun's energy and convert it i to high 
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temperature heat, which is channeled through a conventional generator. In summary, CSPs 
collect solar energy and converts it to heat, and then the heat to electricity. The three kinds of 
concentrating solar power systems are parabolic troughs, power towers and dish engine systems 
(U.S. Department of Energy 2008). 
Building Integrated PV systems and Rooftop mounted PV systems are the most popular
PV systems and have grown at approximately 30% per year since 2002 (Torcellini 2007). The 
basic principle of PV systems is the photo electric effect, which means semi conductors, like 
silicon, when exposed to sunlight, release small amounts of electricity. PV system  are durable 
since they have no moving parts and require less maintenance (U.S. Department of Energy: 
Energy Efficiency and Renewable Energy 2007).  
Solar water heating systems features a solar collector that faces the sun and absorbs heat 
energy. The collector heats a heat transfer fluid which is water or a water glycol mixture. In most 
cases, solar water-heating systems work along with conventional gas or electric water-heating 
systems, to ensure reliable supply of heated water. The principle of solar heating is used in solar 
hot water, solar space heating, and solar pool heaters (U.S. Department of Energy: y 
Efficiency and Renewable Energy 2007).  
Hybrid Solar Lighting (HSL) systems are an entirely new, high energy way of providing 
lighting in buildings and is under research. HSL systems consist of roof-mounted co centrators 
that collect and split sunlight into its visible and infrared portions. The visible light is distributed 
through optical fibers to hybrid luminaires. Hybrid luminaires produce little heat compared to 
conventional electric lamps and distribute sunlight directly. The remaining infrared adiation is 
converted to electricity with the help of concentrating thermo-photovoltaic cells. The resulting 
electric power can be directed for other uses in a building. When there is no sunlight, sensor-
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controlled electric lamps in the hybrid luminaires turn on, to maintain the required illumination 
(U.S. Department of Energy: Energy Efficiency and Renewable Energy 2007).  
2.6 Advantages of solar energy in buildings 
Use of solar energy in building helps to reduce GHG emissions, reduce air pollution, 
reduce the US energy dependence on foreign oil, boost to economic development due to R&D 
and innovation of newer techniques and increase grid stability and peak power handling capacity 
(Gevorkian 2007). Other than the above, solar energy in buildings has other benefits, which are 
described below. 
Studies indicate that improved lighting, cooling and heating system have a direct 
relationship to tenant satisfaction and worker productivity. In general, a worker productivity 
improvement of 1% can be equivalent to a substantial portion of a company’s energy bill. Large 
retail stores experiment have experimented with day lighting and experienc d increased retail 
sales and employee satisfaction in such cases. Heschong Mahone Group, a company specializing 
in building energy efficiency, conducted a study involving 108 retail stores to analyze the effect 
of day lighting on human performance and found that the sales were 40% higher in the day lit 
stores than their peers. Significant academic improvement by students has alo been noted in 
schools that were green buildings compared to conventional buildings (Frej 2005). Installations 
of PV systems, increased energy efficiency and proper day lighting in buildings have increased 
benefits in publicity and marketing. For each dollar saved a year by the PV system has the 
potential to increase the property value by $10-$20 (U.S. Department of Energy: Energy 
Efficiency and Renewable Energy 2007).  
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2.7 Costs of solar energy 
The cost of solar energy in buildings has been the major obstacle for utilization of solar 
energy in buildings (R Margolis and  Zuboy J 2006)  The National Real Estate Investor, a 
magazine on real estate trends anticipates reduction of solar energy costs due to economies of 
scale. The 1.6 MW solar system installation at Google Inc. producing solar energy at $7-$8 per 
watt is expected to payback within 7-8 years. The Solar Energy Industries Association projects 
that by 2018, solar power will cost 8 cents to 9 cents per kilowatt hour and traditional power to 
cost 11 cents to 13 cents per kilowatt hour. As of 2006, the cost of solar power is approximately 
21 cents per kilowatt hour with incentives or tax breaks (Egan 2008; U.S. Energy Information 
Administration 2008) while the average price of residential electricity in the US was 
approximately 10 cents (U.S.Energy Information Administration 2010). 
2.8 Green buildings 
Green Buildings can be defined as the practice of designing, planning, and constructing 
buildings with an emphasis on their current and future environmental impacts. They can also be
described as buildings that address integration of social, environmental and financial 
considerations (Harrigan 2004). The key elements of green buildings are sustainable s te design, 
water conservation and quality, energy efficiency, environmentally preferable building materials, 
waste reduction and indoor air quality (Zeigler 2002). The main standard or rating of green 
buildings in US is the LEED Green Building Rating System (Engel-Yan Joshua Cris Kennedy 
and Susana Saiz 2005). 
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Green buildings assimilate different practices and techniques to reduce and ultimately 
eliminate the impacts of buildings on the environment. Effective green buildings are more than 
just construction of buildings using latest green technologies or materials.  
The LEED Rating System associates credits for the key elements in green buildings. The 
use of solar energy in green building can result in getting the below credits un er the LEED 
(United States Green Building Council 2008): 
 Optimize energy performance – 1-10  points 
 Onsite renewable energy – 1-3 points 
 Green Power– 1 point 
 Daylight and views– 1-2 points 
 Innovation – 1-4 points 
The strategies for effective utilization of solar energy in green buildings are considered, 
mostly, at the time of building design. 
2.9 Obstacles and challenges to the use of solar energy in buildings 
Some of the important barriers to the use of solar energy in buildings are  new technology, 
poor infrastructure, high cost, less government incentives, few professionals in the industry, poor 
public awareness and inadequate financing options.  In addition to those barriers, some new 
challenges have also emerged in the recent past (R Margolis and  Zuboy J 2006). 
The rise in material costs of solar energy utilization techniques is one of them. Material 
costs of solar thermal collectors, which outpaced increases in efficiency and economies of scale, 
grew from $2.43 per square foot in 2004 to $2.86 per square foot in 2005, an increase of 18% 
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(U.S.Energy Information Administration 2007). This maybe partially attributed to increased 
demand for these materials. 
Another environmental conundrum posed by photovoltaic systems is that they use 
chemicals like cadmium sulfide and gallium arsenide for their manufacturing. The disposal and 
recycling of these materials need to be considered as they are highly toxic and not easily 
biodegradable (Pimental 2002; U.S.Energy Information Administration 2008).  
Another challenge to the increased use of solar energy is the possibility that fossil fuel 
prices would not remain high in future. Table 2 shows that in 2006 though only 1.6% of the 
electricity generated in US used petroleum based fuels approximately 70% were based on fossil 
fuels, mainly coal. The high oil prices existing in the past 3 years have increased oil exploration 
and investment in infrastructure and made extraction of oil from Canada’s oil sands
economically viable (U.S.Energy Information Administration 2008). Fundamental market 
relationships of cost, demand and supply indicate a possibility that supply of fossil fuels may 
outpace its demand in future, which could interestingly be also due to increased substitution of 
fossil fuels with renewables, leading to a fall in the price of fossil fuels. 
Another challenge to the future use of solar energy is the possible non-continuation of 
government support through financial incentives and tax credits (Resch 2008). Though the 
government has stepped up its commitment to solar energy, a shift in government priorities c uld 
adversely affect this nascent industry. Currently government incentives and tax credits reduce the 
cost of solar energy by 50%  (U.S. Department of Energy: Energy Efficiency and Renewable 
Energy 2007).  While favorable conditions have emerged for the use of solar energy in buildings, 
PV systems are premium items and it could be hard to justify their costs even with these 
favorable conditions. Integrating them in the building architecture at the initial phase of building 
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design can reduce their installation cost. If integrated in the design of the building, PV panels can 
be used as overhangs, to increase the durability of roofs or be part of or substitutes for 
uninterrupted power supplies (U.S. Department of Energy: Energy Efficiency and Renewable 
Energy 2007). 
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3. Research Methodology  
Due to the “what?” and “how?” nature of the research topic, case study assisted by 
surveys and in depth interviews were used as the methodology for this research. Case studies 
provided an opportunity to explore and identify the obstacles and opportunities for utilizing solar 
energy in the commercial office buildings, selected for study. 
3.1 Case study - Overview 
This case study was a multiple case study with the below units of analysis:   
 Strategies used to utilize solar energy in commercial buildings 
 Unfavorable conditions during implementation of strategy to utilize solar energy 
 Favorable conditions during implementation of strategy to utilize solar energy  
 Present or future unfavorable conditions to utilize solar energy 
 Present or future favorable conditions to utilize solar energy 
The following boundaries were imposed on this case study: 
 Only commercial office buildings in the northeastern region of the United States were 
considered 
 Only buildings with LEED rating were considered 
Evidence collected was through surveys or interviews with professionals associated with 
the engineering and design of buildings and included other sources of data (documentation, 
archival records, direct observation, participant observation, and physical artifacts), as well. Six 
LEED certified green buildings were selected for the case study and each was considered as an 
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independent case. These green buildings were selected such that three of them actively utilize 
solar energy and three of them do not.  
3.2 Case study – Coding and analysis 
3.2.1 Coding 
Coding is the process of identifying data elements and their relationships to the topic under 
investigation. It allows the researcher to group data elements which can be used to support or 
refute a theory. The data elements received from surveys, interviews and other sourc s of data 
(documentation, archival records, direct observation, participant observation and physical 
artifacts) were tagged with the appropriate code(s) and placed with other data lements having 
similar coding (Morelli 2006).  
 Codes associated with the survey or interview questions: 
 The five units of analysis mentioned in the overview 
 Codes associated with the survey participant or interviewee: 
 Industry professionals associated with buildings 
 Engineering 
 Public Relations 
 Design or Architecture 
 Researcher 
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 Codes associated documentation and archival records: 
 USGBC Case Studies  
 Documentation obtained from building offices 
 Documentation from government institutions   
3.2.2 Reliability 
Reliability was measured in terms of the consistency of results when the research is 
repeated in a similar environment. Systematic note taking during interviews, expansion of notes 
immediately after in-depth interviews, recording the interview in a tape or magnetic media, 
conducting two to three surveys or interviews with professionals associated with each case in the 
research, storing the individual survey responses separately are some of the strategie  that were 
employed in this research for enhancing the reliability of this research. A onsistent list of 
questions for making initial contact with the potential survey participants and interviewees and 
guide for survey and interview questions were prepared and is  mentioned in the following 
sections (Morelli 2006).  
3.2.3 Validity 
The validity tests relevant for this case study are construct validity and external validity. 
Since this research is exploratory or descriptive in nature, internal validity cannot be applied 
(Yin 2003). To establish appropriate construct validity, the investigator defined the strategies to 
utilize solar energy as those identified by a reputed institution to serve the intended purpose. The 
conclusions drawn from the case studies should satisfy external validity. The conclusi s need to 
be generalized within the boundaries of the research. In order, to ensure external validity, on y 
evidences present in more than one case, were added to the conclusions.  
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3.3 Case study protocol- Field procedures 
The aim was to obtain survey participants or interviewees for six LEED Certified green 
buildings, in which three utilize solar energy actively and three do not. In some cases, the 
selected listed green buildings and their publicly available contact led to the survey participants 
or interviewees and in other cases short listed survey participants or interview es led to selecting 
a green building as a case. The order of contact did not matter as long as the final aim is achieved. 
Surveys were generally used over in depth interviewing in this research to maximize 
participation and increase geographical reach. The cases were selected such that not more than 
two cases (first actively utilizing solar energy and second without it) were from the same state in 
the US. Two to three surveys or interviews were conducted for each green building selected for 
this research. Potential companies and professionals to be contacted were shortlisted wi h the 
help of professional and academic organizations like USGBC, USGBC local chapters and RIT 
resources. Other potential survey participants or interviewees included athors of relevant 
literature and relevant industry leaders. Snowballing or checking with interviewees whether they 
would recommend other potential interviewees on this topic, was also employed. The survey 
participants or the interviewees included in the research should have an association with the 
engineering or design or public relations of the buildings selected for case studies. 
When approaching potential companies and professionals the below protocol was used. 
 Introduce myself as a graduate student in the Environmental, Health, and S fety 
Management program at the RIT and the research topic of my graduate thesis. 
Convey the source of obtaining the contact information, if appropriate, and intention 
to make him / her or any of the company’s projects a case study as part of my hesis.  
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 Convey the protocols in place to protect the subjects of this case study. Confirm that 
the case is within the boundaries of this research.  
 Confirm the willingness and time for the participation in a survey or an in-depth 
interview. Check the feasibility and preference of the interviewee for a telephone 
interview or participation in a survey.  
 If a telephone interview was to be conducted convey that a list of questions, 
potentially asked during the interview, to the interviewee prior to the interview.  
 Data from the survey or interview was transcribed and coded for the research. 
 After the survey or interview, letters of gratitude were sent to the interviewee as a 
token of appreciation. 
3.4 Case study protocol- Case study questions 
The following interview guide was used for case studies.  If a telephone interview was 
conducted, a set of these questions were sent to the interviewee prior to the actual interview. 
These questions were asked during the in-depth interview conducted through telephone 
interviews or by online surveying tools. 
3.41 Guide for surveys and interviews  
1. Can you talk about a project (specify the project / building if it s known in 
advance) where you (or your company) were involved where you considered adopting 
strategies to utilize solar energy in commercial buildings? [Data Collection objective and 
rationale – Introduce the interviewee to the topic and short list a case for thcase study.] 
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a. Can you provide a brief overview of the project? If solar energy utilization 
strategies were employed, can you explain about the strategies employed to utilize 
solar energy? If not, can you explain what alternative strategy did you adopt? 
b. What was the motivation behind the implementation of these strategies?  
c. Were there any alternatives considered to these strategies? If so, pleae 
explain. 
d. Were these strategies helpful in obtaining LEED credits or other 
certifications for the building? If so, how much did they help? 
2. Can you explain the factors considered, in detail, when considering the strategies 
for solar energy utilization in buildings? [Data Collection objective and rationale – 
Obtain detailed information for the case study.] 
a. Can you provide more details the factors considered?  
i.Could you list the three most significant factors that encouraged you to 
use active solar energy in your project, first being the most significant?  
ii.Could you list the three most significant factors that discouraged you to 
use active solar energy in your project, first being the most significant? 
b. Could you explain about the financial viability of the strategies 
implemented to utilize solar energy?  
c. Were there any government incentives or tax credits to implement these 
strategies? 
i.How did their presence or absence affect the decision? 
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d. What was the effect on marketing and public relations as a result of the 
implementation of these strategies?  
i.What specifically were they?    
ii.How did investors and occupants respond to this? 
e. Can you comment on the feedback from tenants regarding the solar energy 
utilization techniques, including passive, if applicable?  
f. What other pros and cons were considered during the implementation of 
these strategies?  
g. Do you know if any of these above mentioned factors have changed now? 
Please explain. 
3. What is your opinion about the future of solar energy utilization in buildings? 
[Data Collection objective and rationale – Obtain current trends in the market and 
direction for future.] 
a. Will you be willing to undertake a similar initiative in the near future? 
Why or why not? 
b. Do you see any increase or decrease in the number of buildings where 
solar energy is utilized? In your opinion, what could be the reasons behind it? 
c. In your opinion, what would be the factors that would determine the 
increase/decrease of solar energy utilization in buildings, in future? 
d. Can you name some organizations or institutions that are active or leaders 
in utilizing solar energy in buildings? 
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4. Can you provide additional information on this project for further reference? 
[Data Collection objective and rationale – Check if further information is available for 
reference on a case.] 
a. Is there additional publicly available information available in brochures, 
publications or websites about the solar energy strategies of the project? 
b. Can any additional project documents, focusing on the solar energy 
strategies, be made available for this research? 
5. Is there anything else that you think I should know? Is there anyone else I should 
talk to? 
3.5 Case study - Research subject protection protocol 
The research subjects were used in the following manner (Morelli 2006). 
The researcher (ER) will 
 Prepare for the survey or interview by doing background research on the research topic 
 Establish a well defined criterion for selecting the interviewe  (EE) for the interview, 
short list potential EE’s and recruit EE based on qualification and availability 
 Research information regarding the relevance and association of theinterviewee (EE) 
with the research topic 
 Make a list of questions which are relevant to the topic of research 
 Give a brief introduction of ER and his/her academic and professional status 
 Briefly explain the ER’s interest in the research topic and criteria for selecting the EE for 
the research 
 Briefly explain the interview process 
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 Send a letter/email to the EE introducing the ER along with the ER’s resume 
 Obtain an appointment for interview with the EE 
 Confirm the availability of the EE for the interview a day prior to it 
 Conduct the interview by online surveying tools or by telephone. 
 Send a letter of gratitude after the interview 
For the protection of the subjects taking part in the interview, the ER did the following (Morelli 
2006): 
 Provide an introduction of the ER, the rational and interest for the research topic and the 
interview, a brief description and nature of the interview, in advance to the actual 
interview schedule. 
 Obtain permission to record the interview on magnetic media or audio tape in order to 
avoid missing details during taking notes. 
 Request the EE that the interview be kept confidential and explain him /her that this 
interview is for research purposes only and the ER would not use or reveal the interview 
for other purposes 
 Explain to EE that both the EE or the ER can request that any part of the responses of the 
interview be taken off the record 
 Destroy the recorded interview in magnetic media or audio tapes after transcription of the 
interview and comparison with the ER’s interview notes. 
 Do not reveal Personally Identifiable Information about the EE and shall take note only 
the professional or academic qualification of the EE during the transc iption of the 
interview. 
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3.6 Case study protocol - Report 
The report contains the six cases selected for the case study. The report introduces each 
case and provides a brief description of the strategies identified in this case study to utilize solar 
energy in each case and the obstacles and opportunities for their implementation. 
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4. Research Map  
This research primarily focused on LEED certified green buildings to understand the 
solar energy utilization strategies employed and the associated opportunities a d obstacles to 
implement them. Literature review was conducted to introduce the research topic and investigate 
research aspects of the topic. Additionally case studies included surveys or interviews to collect 
evidence for the research aspects. 
 
Fig1: Schematic diagram or flowchart depicting the research  
Literature Review 
Reach conclusions 
Compare and contrast obstacles 
and opportunities to determine 
significance 
 
Case study containing 
Surveys or Interviews 
Analyze data and identify the strategies, obstacles and opportunities for utilization of solar 
energy 
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The research aspects are explained as follows: 
a. Financial feasibility – This research aimed to determine the current fina cial feasibility of 
solar energy and expectations for the future. The parameters to be investigated may include 
payback period, return of investment, lifecycle cost and other relevant financial measures of 
the implemented strategies. 
b. Marketing and public relations – This research aimed to find the (favorable, unfavorable, 
skeptic or enthusiastic) responses by the occupants, public and investors due to the 
utilization of solar energy and any other effects on marketing and sale price. 
c. Economies of scale – This is defined as the cost advantage enjoyed due to increase 
operations or mass production. Initial research results indicate that the share of solar energy 
is very limited in the current US energy market. Through this research, the researcher 
sought to find if there was reasonable expectation of economic advantages or disadvantages 
due to economies of scale in the near future. If such an expectation was found, the research 
sought to find the drivers behind it. It also quantified those expectations in cost reduc ion 
and the time for their occurrence. 
d. Improvement in Technology - The case studies provided insight into the technologies that 
were available at the time of their respective implementation. The research aimed to 
investigate the existing technologies available for solar energy utilization. Additionally the 
research explored any near-term improvement in technology like improvement in PV 
technologies, HSL systems etc. Literature review was utilized to quantify the effects of this 
transition in technologies.   
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e. Environmental benefits and concerns – This research aimed to selectively explore the 
environmental benefits and concerns when implementing solar energy utilization strategies. 
The research aims to quantify the reduction in fossil fuel usage. Literature eview was used 
to quantify the reduction in GHG emissions due to the associated reduction in fossil fuel . 
The research will also look into the toxicity of the components used in photovoltaic systems.  
f. Government Incentives – This research aimed to explore the various government icentives 
available for solar energy, including tax credits, subsidies, initiatives and institutional 
support for the implementation of solar energy utilization.  While the literature review 
revealed the available government incentives, the case studies were helpful to identify if 
such incentives were utilized and the extent of their influence for making the decision to 
implement these strategies. 
The collected research aspects were further analyzed and compared to understand their 
significance. For comparison, the research aspects will classified into: 
i. Containing strong evidence, defined as: 
a. Evidence present in the literature review 
and 
b. At least two supporting evidences more than the number of contrasting 
evidences in the case studies    
ii.  Containing moderately strong evidence, defined as: 
a. Evidence present in the literature review 
and 
b. one supporting evidences more than the number of contrasting evidences in the 
case studies    
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iii.  Containing weak evidence, defined as: 
a. Evidence present in the literature review 
and 
b. Equal supporting evidences and contrasting evidences in the case studies    
The research aspects containing strong and moderately strong evidence were onsid red 
as factors of greater influence. Conclusions were drawn mostly from strng evidences. 
Moderately strong evidences were considered, if appropriate. Weak evidences were not included 
in the conclusion as their reliability was minimal. The conclusion of this research will identify 
the current opportunities and obstacles for the utilization of solar energy in commercial buildings, 
supported by the evidence as mentioned above. Additionally, opportunities and obstacles for the 
near future will also be considered for the conclusion, if supported by evidence.  
The potential benefactors of this research study may include builders and building owners 
that are interested in implementing solar energy utilization strategies in buildings. The case 
studies will benefit contractors and owners as it will provide them some of th  factors to consider 
during their implementation of solar energy strategies.   
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5. Case Studies   
5.1 Case Studies with active Solar Energy Utilization Strategies 
5.1.1 Genzyme Center, Cambridge, MA  
Genzyme Center is the headquarters of the famous biotechnology company Genzyme, 
located in Cambridge Massachusetts. This building is one of the highest rated LEED building 
(LEED Platinum) in the United States. This commercial office building has an are  of 344,000 
square feet and is comprised of office space, cafeterias, library, training and conference rooms, 
garden and public space. Various environmental strategies which contribute to sustainability and 
energy efficiency are adopted for making this building green.  
The building envelope consists of a curtain wall glazing system with windows operable 
from all 12 floors and more than 32 % of the envelope is made in such a way that it could utilize 
the solar energy by blocking it in summer and gaining in winter. The building envelope is a high-
performance curtainwall glazing system with operable windows on all floors. More than 32% of 
the exterior envelope is a ventilated double-facade that blocks solar gains in summer and 
captures solar gains in the winter. Steam from a nearby power plant is used for c ntral heating 
and cooling (United States Green Building Council 2008). 
Utilization of day lighting techniques is a major feature of this building. The Genzyme 
Center building has a central atrium with a chandelier made of mirror panels, which makes use 
of the passive day lighting strategy. More than 75% of the workspaces are made in such a way 
that they can make use of the natural lighting.  Louvered blinds are placed in the building façade 
so as to direct the sunlight inside the building. The other features of the building include 
heliostats, sun tracking mirrors, light fixtures made of reflective discs, skylights, open floor plan 
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to allow exterior day lighting, and other modulating photoelectric daylight sensors. Two 
photovoltaic arrays have been used in this building for onsite electricity generatio , which gives 
an output of 20 KW. Green-e certified renewable sources are used as the source of all the 
electricity used in this building (Proefrock 2007).  
 
Fig11: Genzyme Center – Central atrium inside the building (Atrium of Genzyme Center 2010) 
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Fig12: Genzyme Center – Heliostats placed on top of the building (Heliostats of Genzyme Center 2010) 
Various studies and surveys are conducted among the Genzyme employees for finding 
the advantages of this building. It is encouraging to find out that sick time has been reduced 5% 
lower than before. Employees are very satisfied by the quality of new work environment which 
led to increase their productivity and sense of well being. As a result of the energy reduction 
techniques, the electricity costs are 42% less than that compared to a traditional building and 
electrical energy required for lighting has been reduced to 260 KW from 360 KW on a typical
summer day (United States Green Building Council 2008).  
5.1.2 CCI Center, Pittsburgh, PA 
Conservation Consultants Inc Center (CCI Center) is a three story commercial office 
building located in Pittsburgh, Pennsylvania. The building of 11,500 square feet is a renovation 
of a former soap factory in the south side of Pittsburgh and is completed in 1998. CCI center is a 
LEED Gold building and serves as an education center for many of the environmental 
organizations in and around the country (United States Green Building Council 2008).  
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This building is an energy efficient building which saves an annual cost of $12,000 when 
compared to a comparable traditional building. It utilizes passive and active day lighting 
strategies and includes passive cooling, day lighting and efficient appliances. As a result of the 
reduction in energy utilization, the building has the capability to reduce the carbon dioxide 
emissions by six million pounds annually (Green Building Alliance 2008). A small percentage of 
renewable energy (10-15% of total energy) is produced from solar energy. The building has a 
photovoltaic panel located in the southern façade, which has a capability of producing 5 KWH 
and thereby producing unwanted heat gain inside. The photovoltaic power is used as a backup 
for the center at times of emergency. Some of the green strategies used for olar cooling loads 
are overhangs, trees and shrubs which give shade to south windows, building walls and roofs. 
Passive solar utilization techniques are quite generously used in this green building. The building 
allows maximum natural day lighting for its interior; it has an open floor plan and also large 
exterior windows and high ceilings. These features maximize the penetration of sunlight inside, 
which reduced the energy load for the building. The building also uses roof monitors and 
clerestories for day lighting. The building also uses wind power for additional electricity needs 
and environmental benefits (Gerrace 2009).  
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Fig13: CCI Center – PV array on the third floor of the building (Source - CCI Center Project Documentation) 
 
 
Fig14: CCI Center – PV array on the third floor of the building (Source - CCI Center Project Documentation) 
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5.1.3 Wind NRG Partners Manufacturing Facility, Hinesburg, VT  
The manufacturing facility of Wind NRG Partners is located at Hinesburg, Vermont. This 
is a LEED Gold building of 46,500 square feet and comprises of office buildings and industrial 
facilities. New environmental strategies are integrated into its design making a healthy 
workplace for all of its occupants (United States Green Building Council 2008). 
There were many green strategies adopted during its design and construction. The wner 
of this building had no intention of getting it LEED certified, but as the project progressed it had 
all the qualifications and requirements that are incorporated in LEED creditrating system. 
 
Fig15: South side face of Wind NRG Manufacturing Facility; Roof integrated PV can be vaguely seen (South 
side of Wind NRG Partners Manufacturing Facility 2010) 
The building is very energy efficient and is mainly powered by energy from renewable 
sources. Occupancy sensors and daylight sensors, low wattage equipments are pre ent in the 
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building to minimize energy waste. The building is located in the east west axis to make use of 
the solar energy during winter time.  
PV, solar thermal collectors, south facing windows are some of the utilization strategies 
which use solar energy along with other renewable sources such as wind power. PV contributes 
about 76,900 kWh (approximately two thirds of the total electricity required) and solar thermal 
collectors contribute to about 24 MMBtu. Day lighting and operable windows allow light and 
heat energy to the interior of the building except winter season.  Another source of ren wable 
energy is wood pellets from lumber milling waste; they are used for heating purposes (U.S. 
Department of Energy 2006). 
  
Fig16: Wind NRG Manufacturing Facility – Open office area (Open Office Area of Wind NRG Partners 
Manufacturing Facility 2010) 
NRG uses one fourth of the energy when compared to that of another building of the 
same size. Even though the costs associated with this building is 8 % more than that of a
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conventional comparable building; the expected payback period for the additional investment is 
five years through increase in worker productivity and energy and operating cost savings.  
5.2 Case Studies without active Solar Energy Utilization Strategies  
5.2.1 Goldman Sachs' 30 Hudson Street, Jersey City, NJ 
Goldman Sachs 30 Hudson Street Building is a LEED V.2 certified high rise office 
building of 42 stories and an area of 1.5 million square feet located in Jersey city, New Jers y. In 
addition to the office space, the building has a cafeteria, fitness spaces, and a bank. It w s the 
largest building which gets a LEED certification at the time of its certifica ion in 2004 (United 
States Green Building Council 2008).  
This building is a typical example of a green building which demonstrates the company’s 
commitment to the environment and social responsibility.  The building is built in such a way 
that it saves money and makes use of the natural resources. It does not use any onsite renewable 
solar energy for its energy purposes although it allows access to views and day light to an extent. 
The building did not achieve many credits in energy conservation. An open area and large 
windows and photoelectric sensors are only the ways through which it utilizes solar energy 
But other green features like light colored pavement, storm water retention system  are 
incorporated in this building. It is commendable that more than 60% of the total wood and 100% 
of interior wood was certified according to Forest Stewardship Council.  The building also 
facilitates the education and awareness of the occupants and visitors by placing educational 
signage explaining the green features of the building (BuildingGreen.com 2007). 
Page 56 of 91 
 
Fig17: Goldman Sachs 30 Hudson Street – View from outside 
  
5.2.2 The Plaza at PPL Center, Allentown, PA 
PPL Center Plaza is commercial office building located in Allentown, Pennsylva ia, 
which is certified as a LEED Gold building. The building adopted environmentally friendly 
measures and energy and water saving techniques making it a pleasant and healthy place for its 
occupants. This building’s energy data shows that the building saved energy to almost 70% less 
than that of a comparable building.  
Natural day lighting played a major role in reducing the lighting energy along with 
energy saving lighting controls like photoelectric sensors and occupancy sensors. Being located 
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in the northern side, the building gets natural sunlight throughout the year at all levels. An ight 
story glass atrium also contributes the entry of light to the core parts while glazing on the 
perimeter allows light and provides natural views to all building spaces. 
The building reduces water use to 45% less than that of the code requirements and more 
than 20% of the materials used in its construction consists of recycled content. Electricity for the 
buildings electricity is supplied by a green power provider who generates electricity from various 
renewable sources like hydroelectric, geothermal, wind and solar energy.  
The building not only provides a stimulating workplace but also an efficient place for 
enhancing the people’s lives. The sustainable green features of the building also resulted in cost 
saving operations at 1% development cost premium (United States Green Building Cou cil 
2008). 
 
Fig18: The Plaza at PPL Center – Central atrium with generous daylighting (Central Atrium of the Plaza at 
PPL Center 2010) 
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Fig19: The Plaza at PPL Center – trade floor cubicles with large windows (Daylit office; Plaza at PPL Center 
2010) 
 
5.2.3 Bureau of Water and Lighting, Rochester, NY 
The bureau of water and lighting building in Rochester is built on seven acres and 
comprises of office space, storage rooms for materials and equipment, hydraulics laboratory and 
indoor vehicle storage area. This is a LEED Gold Building of 84,500 square feet certified in July 
2007. It is built on a previously contaminated brown field site which is remediated by the ureau 
and reused 95% of the construction and demolition materials. 
The building does not use any renewable sources of energy produced onsite, even though 
they have purchased green power from external sources. But the building clearly demonstrates a 
combination of best methods of site remediation, water conservation, optimal energy 
performance, resource consumption and high indoor environmental quality. Water conservation 
techniques include dual flush toilets waterless urinals and xeriscape landscapig. 
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According to the building data, it is found that there is a 30% reduction in energy and 
60% reduction in water usage compared to the code. The new green building and its indoor 
environmental features also improved the morale and reduction of absenteeism in employe s 
resulting in increased work productivity and quality (Center for Environmental Information 
2006). 
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6. Analysis 
6.1 Analysis of Research aspects  
This research mostly involved qualitative analysis and minimal quantitative analysis. 
Qualitative analysis in the research included coding the various responses and determining 
significance of the responses. Quantitative methods used include simple data analysis techniques 
such as computing percentages and percentiles. In the following sub sections: 
• The parameters of the various research aspects that did not satisfy reliability or 
external validity are discarded. 
• Respondents include both survey participants and interviewees and were 18 in total. 
• The opinion of respondents related to buildings with and without active solar energy 
was considered to identify the opportunities and obstacles. 
6.1.1 Opportunities 
i. Government incentives or tax credits - This is part of the research aspect, 
“Government Incentives” and 61% of the respondents who responded to the related questions 
listed it as a favorable factor for the utilization of solar energy in commercial buildings. 
Literature review lists the various federal incentives and different state incentives applicable to 
implementing solar energy strategies in buildings. Literature review also points out the need to 
continue these incentives during this nascent stage of this industry. In the conclusion of th s 
research, government incentives or tax credits will be classified as an opportunity for utilization 
of solar energy in buildings with strong evidence.  
ii.  Marketing advantages - This is part of the research aspect, “Marketing and public 
relations”. Out of the 18 respondents, 50% of them listed this as a favorable factor for solar 
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energy utilization in commercial buildings. The literature review points to the possibility of 
increased property values due to solar energy utilization in green buildings and the icreased 
adherence of new commercial construction starts with green building norms. Marketing 
advantages will be listed as an opportunity for utilization of solar energy in buildings with strong 
evidence.  
iii.  Better public image – This is part of the research aspect, “Marketing and public 
relations”. Better public image was suggested as one of the most favorable factors for utilization 
of solar energy in commercial buildings. Among the respondents, 72% of the respondents listed 
it as an opportunity. With the literature review indicating corporations emphasizing on corporate 
social responsibility this will be classified as an opportunity for solar energy in buildings with 
strong evidence and part of the research conclusion of this study.  
iv. Reduction in fossil fuel usage - This is part of the research aspect, “Environmental 
benefits and concerns”. This is another popular favorable factor for the utilization of solar energy 
in commercial buildings as 67% of the respondents listed it as a favorable factor.  Literature 
review and the case studies which utilize active solar energy indicate reducd need for fossil 
fuels due to daylighting and onsite electricity generation from solar energy. Reduction in fossil 
fuel usage will be listed as an opportunity for utilization of solar energy in buildings with strong 
evidence.  
v. Decrease in GHG emissions - This is also part of the research aspect, 
“Environmental benefits and concerns”. Among the respondents, 72% of them listed it as a 
favorable factor for the utilization of solar energy in commercial buildings. Literature review 
emphasizes the ramifications of GHG and the contribution of fossil fuels towards the generation 
Page 62 of 91 
of GHG. Decrease in GHG emissions will be listed as an opportunity for utilization of solar 
energy in buildings with strong evidence.  
vi. Lower life cycle cost - This is part of the research aspect, “Financial feasibility”. 
Though 44% of the respondents listed it as a favorable factor an equal number of respondent 
listed “Concern about life cycle cost” as an unfavorable factor for utilization of solar energy in 
commercial buildings. Hence this will not be included in the conclusion of this research. 
vii.  Lower maintenance cost - This is part of the research aspect, “Financial 
feasibility”. Approximately 28% of the respondents listed it as a favorable f ctor for the 
utilization of solar energy in commercial buildings. Literature review points out the increased 
durability and minimal maintenance of PV systems. Lower maintenance cost will be listed as an 
opportunity for utilization of solar energy in buildings with strong evidence.  
viii.  Decreasing cost of solar energy due to economies of scale - This is part of the 
research aspect, “Economies of scale”. Above 33% of the respondents listed itas a favorable 
factor for the utilization of solar energy in commercial buildings. The literature review points out 
to possible grid parity of electricity from solar energy and its increased production in future.  
Decreasing cost of solar energy due to economies of scale will be listed as an opportunity for 
utilization of solar energy in buildings with strong evidence.  
ix. Minimize effects of solar energy price increases - This was researched to check if 
the varying price of energy is considered as a favorable factor for the utilization of solar energy 
in commercial buildings. Among the respondents, 44% of them listed it as a favorable factor. 
Literature review indicates the possibility of high energy prices and fluctuations. Minimizing 
effects of energy price increases will be listed as an opportunity for utilization of solar energy in 
buildings with strong evidence.  
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x. Technology improvements in solar energy - This is part of the research aspect, 
“Improvement in Technology”. Above 44% of the respondents listed this as a favorable factor 
for the utilization of solar energy in commercial buildings. Literature review lists some of the 
technology improvements in solar energy in buildings using concentrating solar power systems, 
hybrid solar lighting systems and building integrated PV systems. Technology improvements in 
solar energy will be listed as an opportunity for utilization of solar energy in buildings with 
strong evidence.  
xi. LEED Credits - This is part of the research aspect, “Improvement in Technology”. 
As 61% of the respondents listed this as a favorable factor for the utilization of s lar energy in 
commercial buildings and literature review specifies the possible LEED credits attainable due the 
utilization of solar energy in buildings, this will be listed as an opportunity for utilization of solar 
energy in buildings with strong evidence.  
xii. Market demand – This is part of the research aspect, “Marketing and public 
relations”. Though 11% of the respondents listed this as a favorable factor for the utilization of 
solar energy in commercial buildings and equal number indicated a “Lack of market demand”. 
Moreover the responses were not sufficient to satisfy reliability and external validity. Hence this 
will not be included in the conclusion of this research. 
xiii.  Demanded / Appreciated by Investors - This is part of the research aspect, 
“Marketing and public relations”. Though 17% of the respondents listed this as a favor ble factor 
for the utilization of solar energy in commercial buildings the responses were not sufficient to 
satisfy reliability and external validity. Hence this will not be included in the conclusion of this 
research. 
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xiv. Demanded / Appreciated by Occupants - This is part of the research aspects, 
“Marketing and public relations”. Approximately 39% of the respondents listed this factor as a 
favorable one for the utilization of solar energy in commercial buildings. The literature review 
indicates increase tenant satisfaction and worker productivity due to improved daylighting and 
effective use of solar energy. Demanded / Appreciated by Occupants will be listed as an 
opportunity for utilization of solar energy in buildings with strong evidence.  
6.1.2 Obstacles 
i. High Initial Investment - This is part of the research aspect, “Financial feasibility”. 
This was the most popular obstacle listed by the respondents. Above 83% of the respondents 
listed it as an unfavorable factor for the utilization of solar energy in commercial buildings. 
Literature review also points to the high initial cost to adequately utilize solar energy in buildings. 
High Initial Investment will be listed as an obstacle for utilization of solar energy in buildings 
with strong evidence. 
ii.  Longer payback period - This is part of the research aspect, “Financial feasibility”. 
Among the respondents50% of them listed it as an unfavorable factor for the utilization of solar 
energy in commercial buildings. The literature review pointed out that cost remains a major 
barrier to the utilization of solar energy in buildings. Longer payback period will be listed as an 
obstacle for utilization of solar energy in buildings with strong evidence. . 
iii.  Concern about Return of Investment (ROI) - This is part of the research aspect, 
“Financial feasibility”. Half of the respondents listed ROI as an unfavorable factor for the 
utilization of solar energy in commercial buildings. The literature review pointed out that cost 
remains a major barrier to the utilization of solar energy in buildings. “Not financially feasible” 
will be listed as an obstacle for utilization of solar energy in buildings with strong evidence. 
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iv. Concern about life cycle cost - This is part of the research aspect, “Financial 
feasibility”. Above 44% of the respondents listed it as an unfavorable factor for the utilization of 
solar energy in commercial buildings. Literature review points out that cost remains a major 
barrier to the utilization of solar energy in buildings. “Not financially feasible” will be listed as 
an obstacle for utilization of solar energy in buildings with strong evidence. 
v. Not financially feasible - This is part of the research aspect, “Financial feasibility”. 
Among the respondents, 50% of them listed life cycle cost as an unfavorable factor for the 
utilization of solar energy in commercial buildings. Literature review points out that cost remains 
a major barrier to the utilization of solar energy in buildings. “Not financially feasible” will be 
listed as an obstacle for utilization of solar energy in buildings with strong evidence. 
vi. Lack of market demand - This is part of the research aspect, “Marketing and 
public relations”. Though 11% of the respondents listed this as an unfavorable factor for the 
utilization of solar energy in commercial buildings, an equal number indicated “Market demand” 
as a favorable factor. Moreover the responses were not sufficient to satisfy reliability and 
external validity. Hence this will not be included in the conclusion of this research. 
vii.  Lack of qualified professionals - This is part of the research aspect, “Improvement 
in Technology”. Though 6% of the respondents listed this as a unfavorable factor for the 
utilization of solar energy in commercial buildings the responses were not sufficient to satisfy 
reliability and external validity. Hence this will not be included in the conclusion of this research. 
viii.  Investors were not in favor - This is part of the research aspect, “Marketing and 
public relations”. None of the respondents listed this as an unfavorable factor for the utilization 
of solar energy in commercial buildings and hence this will not be included in the conclusi of 
this research. 
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ix. Occupants were not in favor - This is part of the research aspect, “Marketing and 
public relations”. None of the respondents listed this as an unfavorable factor for the utilization 
of solar energy in commercial buildings and hence this will not be included in the conclusi of 
this research. 
x. Concern about toxicity of components in photo voltaic systems / components - 
This is part of the research aspect, “Environmental benefits and concerns”. None of the 
respondents listed this as an unfavorable factor for the utilization of solar energy in commercial 
buildings and hence this will not be included in the conclusion of this research. 
xi. Other renewable energy sources were more appropriate - This was research d to 
check if other renewable energy sources were more appropriate than solar energy to b  used in 
commercial buildings. Approximately 17% of the respondents listed this as an unfavorable factor 
for the utilization of solar energy in commercial buildings but these responses were not sufficient 
to satisfy reliability and external validity. Hence this will not be included in the conclusion of 
this research. 
xii. Did not consider solar energy utilization techniques - This was researched to 
check if the non implementation of solar energy utilization techniques were not even considered 
during the design and implementation of the buildings selected for the case study. Above 11% of 
the respondents listed this as an unfavorable factor for the utilization of solar energy in 
commercial buildings but these responses were not sufficient to satisfy reliability and external 
validity. Hence this will not be included in the conclusion of this research. 
xiii.  Unsuitable climate conditions - This was researched to check if region specific 
climatic conditions were an obstacle to the use of solar energy in commercial buildings in the 
northeastern part of US. Approximately 28% of the respondents listed this as an unfavorable 
Page 67 of 91 
factor for the utilization of solar energy in commercial buildings. Indication of reduced solar 
energy availability in the northeastern region of the United States during the winter can be found 
in Fig5. Unsuitable climate conditions will be included in the conclusion of this research with 
moderate evidence. 
6.2 Notable quotes during the interviews and surveys  
6.2.1 Wind NRG Partners, LLC, Hinesburg, Vermont 
We were committed and believed that all non-renewable energy sources will be increas ng in 
cost in the future. Investing in solar was considered a smart hedge to pre-buy our energy at a 
fixed price today. No risk of energy price increases. 
Client wanted to be close to net zero carbon operation. 
6.2.2 Bureau of Water and Lighting, Rochester, NY 
Technology needs to improve to be more practical to utilize in the northeast 
6.2.3 Genzyme Center, Cambridge, MA 
It is hard to say what may have been unfavorable factors. Since the amount of PV integrated into 
the project was minimal, one would think that there were many factors that could have prevented 
it from being used at all. However, the owner wanted to integrate PV in some way and overcame 
any unfavorable factors that may have existed. 
6.2.4 CCI Center - Pittsburgh, PA 
 This project is pre LEED New Construction; so the motivations were not geared to poin  
accumulation. The installation is essential as a demonstration project and to the owner's mission. 
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The panels were justified by saying that they essentially offset the cost of an uninterrupted power 
supply (UPS) system. We received a government grant. 
Energy conservation was the primary building energy strategy. The investment in d creasing 
energy use made the investment in PV feasible, along with the purchase of 100% Green-E 
renewable energy. 
6.3 Financial feasibility as an obstacle for solar energy utilization - Examples 
The average electricity consumption for free standing buildings in the northeast of size 
10,000 to 100,000 square feet   =  10 kWh/square feet/year (U.S. Energy Information 
Administration 2008) 
The average solar radiation for optimally oriented flat plate collectors in New York State
 =  4.5 kWh/day (SUNY ESF 2009) 
 Average PV system efficiency  =  75% (SUNY ESF 2009)  
The PV system size based on the above can be calculated as  
PV System size =  
(building load in kWh/yr x PV to grid power ratio) ÷ 
(365 x daily solar radiation x system efficiency) 
Considering the average cost of electricity for the six northeastern states as $0.15/kWh 
(U.S. Energy Information Administration and Nebraska Energy Office 2009). In the first 
exercise, we are considering a 30,000 square foot building in the northeast using 75% of its 
energy needs from PV systems and 50% in the next.  Maintenance costs of PV systemsare 
assumed to be negligible during the life of the systems in these examples. 
i. For a 30,000 square foot building in the northeast using 75% of its energy needs 
from PV systems, PV System size   
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= (0.75 x 30,000 square feet x 10 kWh / square feet/ year) ÷ (365 x 4.5 kWh/ day x 0.75) 
= 183 kW 
Upon assuming $7 / watt as the cost estimate for the installation of the PV 
system(Department of Energy and Lawrence Berkeley National Laboratory 2009), initial capital 
cost of the 183 kW system  
 = 183,000W x $7/W 
= $1.281 million 
Using the average cost of electricity the Return On Investment (ROI) can be realized in  
 $1,281,000 ÷ ((30,000 square feet x 10 kWh/square feet/year) x $0.15/kWh) years 
= 28.4 years! 
Considering the government subsidy for the initial investment is 30%, (Federal Business 
Energy Tax Credit), the initial investment drops to  
$1,281,000 – ($1,281,000 * 0.3)  
= $0.8967 million  
 and the ROI reduces to  
$896,700 ÷ ((30,000 square feet x 10 kWh/square feet/year) x $0.15/kWh) years  
= 19.8 years  
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ii.  When 30,000 square foot building in the northeast uses 50% of its energy needs 
from PV systems, PV System size   
= (0.50 x 30,000 square feet x 10 kWh / square feet/ year) ÷ (365 x 4.5 kWh/ day x 0.75) 
= 122 kW 
Upon assuming $7 / watt as the cost estimate for the installation of the PV 
system(Department of Energy and Lawrence Berkeley National Laboratory 2009), initial capital 
cost of the 122 kW system  
 = 122,000W x $7/W 
= $0.854 million 
Using the average cost of electricity the Return On Investment (ROI) can be realized in  
 $854,000 ÷ ((30,000 square feet x 10 kWh/square feet/year) x $0.15/kWh) years 
= 18.9 years! 
Considering the government subsidy for the initial investment is 30%, (Federal Business 
Energy Tax Credit), the initial investment drops to  
$854,000 – ($854,000 * 0.3)  
= $0.569 million  
 and the ROI reduces to  
$569,700 ÷ ((30,000 square feet x 10 kWh/square feet/year) x $0.15/kWh) years  
= 13.2 years  
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7. Results  
7.1 Survey Participants / Interviewees  
Responses collected for the analysis included feedback from building management 
professionals, energy efficiency consultants, estimators, LEED consultant, environmental 
design consultants, project managers and designers, engineers and architects for the respective 
case studies, These professionals were classified as shown in Table 4 for this research. Table 5 








Architect / Designer 80 8 
Engineer 57 5 
Government Official 8 1 
Public Relations 33 4 
Total 178 18 







Architect / Designer 49 5 
Engineer 9 1 
Government Official 8 1 
Public Relations 23 2 
Total 89 9 







Architect / Designer 32 3 
Engineer 48 4 
Public Relations 10 2 
Total 90 9 
Table6: Case studies without active solar energy use: Classification of Respondents  
Page 72 of 91 
7.2 Research responses 
Responses were collected during site visits and interviews and survey responses. O  ite 
interviews were conducted in two case studies. Site visits to green buildings were conducted as 
part of the local green building initiatives and Sustainability Programs Internship at DASNY. 
Phone interviews and online surveys were employed for the remaining respondents. The list of 
buildings used for case studies were modified during the course of the study due on availability 
of responses and suitability of research.  
7.2.1 Opportunities 
The opportunities for utilizing solar energy were better evident when analyzig the 
responses of case studies where active solar energy is utilized. Table 7 shows all the responses 
related to the opportunities and Table 8 shows the responses from case studies with active solar 
energy utilization. Both of the tables, Table 7 and 8 show the responses prior to validityand 
reliability checks. 
Opportunities 




Total respondents - 18 
Better public image 13 72% 
Decrease in GHG emissions 13 72% 
Reduction in fossil fuel usage 12 67% 
Government incentives or tax credits 11 61% 
LEED Credits 11 61% 
Marketing advantages 9 50% 
Minimize effects of energy price increases 8 44% 
Lower life cycle cost 8 44% 
Technology improvements in solar energy 8 44% 
Demanded / Appreciated by Occupants 7 39% 
Decreasing cost of solar energy due to 
economies of scale 6 33% 
Lower maintenance cost 5 28% 
Demanded / Appreciated by Investors 3 17% 
Market demand 2 11% 
Table7: Responses from all case studies: opportunities for use of solar energy in commercial buildings – 
Before validity and reliability analysis 
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Opportunities 




Total respondents - 9 
Reduction in fossil fuel usage 8 89% 
Decrease in GHG emissions 8 89% 
Better public image 7 78% 
Government incentives or tax credits 6 67% 
Demanded / Appreciated by Occupants 6 67% 
LEED Credits 6 67% 
Marketing advantages 5 56% 
Technology improvements in solar energy 5 56% 
Minimize effects of energy price increases 5 56% 
Lower life cycle cost 5 56% 
Decreasing cost of solar energy due to 
economies of scale 3 33% 
Demanded / Appreciated by Investors 2 22% 
Lower maintenance cost 2 22% 
Market demand 1 11% 
Table8: Responses from case studies with active solar energy use: opportunities for use of solar energy in 
commercial buildings – Before validity and reliability analysis 
 
Tables 9 and 10 show the responses related to the opportunities for utilizing solar energy 
after the validity and reliability analysis. Hence Tables 9 and 10 are equivalent of Tables 7 and 8 
after validity and reliability analysis.  
Opportunities 




Total respondents - 18 
Better public image 13 72% 
Decrease in GHG emissions 13 72% 
Reduction in fossil fuel usage 12 67% 
Government incentives or tax credits 11 61% 
LEED Credits 11 61% 
Marketing advantages 9 50% 
Minimize effects of energy price increases 8 44% 
Technology improvements in solar energy 8 44% 
Demanded / Appreciated by Occupants 7 39% 
Decreasing cost of solar energy due to 
economies of scale 6 33% 
Table9: Responses from all case studies: opportunities for use of solar energy in commercial buildings – After 
validity and reliability analysis 
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Opportunities 




Total respondents - 9 
Reduction in fossil fuel usage 8 89% 
Decrease in GHG emissions 8 89% 
Better public image 7 78% 
Government incentives or tax credits 6 67% 
Demanded / Appreciated by Occupants 6 67% 
LEED Credits 6 67% 
Marketing advantages 5 56% 
Technology improvements in solar energy 5 56% 
Minimize effects of energy price increases 5 56% 
Decreasing cost of solar energy due to 
economies of scale 3 33% 
Table10: Responses from case studies with active solar energy use: opportunities for use of solar energy in 
commercial buildings – After validity and reliabili ty analysis 
 
The opportunities listed in Table 9 will be included in the conclusion of this research and 
are depicted as a bar chart in Fig20.  
Fig20: Responses from all case studies: opportunities for use of solar energy in commercial buildings – After 
validity and reliability analysis. X Axis represents the number of agreeing respondents and Y axis lists the 
various opportunities researched 
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7.2.2 Obstacles 
The obstacles for utilizing solar energy were better evident when analyzing the responses 
of case studies where active solar energy is not utilized. Table 11 shows all the responses related 
to the obstacles and Table 12 shows the responses from case studies without active solar en rgy 








Total respondents - 18 
High Initial Investment 15 83% 
Not financially feasible 9 50% 
Longer payback period 9 50% 
Concern about return of investment 9 50% 
Concern about life cycle cost 8 44% 
Unsuitable climate conditions 5 28% 
Other renewable energy sources were more 
appropriate 3 17% 
Did not consider solar energy utilization techniques 2 11% 
Lack of market demand 2 11% 
Lack of qualified professionals 1 6% 
Table11: Responses from all case studies: obstacles for use of solar energy in commercial buildings – Before 








Total respondents - 9 
High Initial Investment 9 100% 
Not financially feasible 7 78% 
Longer payback period 6 67% 
Concern about return of investment 6 67% 
Concern about life cycle cost 6 67% 
Unsuitable climate conditions 3 33% 
Other renewable energy sources were more 
appropriate 2 22% 
Did not consider solar energy utilization techniques 2 22% 
Lack of market demand 2 22% 
Table12: Responses from case studies without active solar energy use: obstacles for use of solar energy in 
commercial buildings – Before validity and reliability analysis 
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Tables 13 and 14 show the responses related to the obstacles for utilizing solar energy 
after the validity and reliability analysis. Hence Tables 13 and 14 are equivalent of Tables 11 and 







Total respondents - 18 
High Initial Investment 15 83% 
Concern about return of investment 9 50% 
Longer payback period 9 50% 
Not financially feasible 9 50% 
Concern about life cycle cost 8 44% 
Unsuitable climate conditions 5 28% 
Table13: Responses from all case studies: obstacles for use of solar energy in commercial buildings – After 








Total respondents - 9 
High Initial Investment 9 100% 
Not financially feasible 7 78% 
Longer payback period 6 67% 
Concern about return of investment 6 67% 
Concern about life cycle cost 6 67% 
Unsuitable climate conditions 3 33% 
Table14: Responses from case studies without active solar energy use: obstacles for use of solar energy in 
commercial buildings – After validity and reliabili ty analysis 
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The opportunities listed in Table 13 will be included in the conclusion of this research 
and are depicted as a bar chart in Fig21.  
 
Fig21: Responses from all case studies: obstacles for use of solar energy in commercial buildings – After 
validity and reliability analysis. X Axis represents the number of agreeing respondents and Y axis lists the 
various obstacles researched 
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8. Conclusion 
Solar energy is a ubiquitous source of energy for US. The utilization of active solar 
energy techniques in buildings is increasingly considered by the stakeholders. But yet, in general, 
solar energy is not considered as an economically optimal option under current situations. This 
research study looked into the current opportunities and obstacles for the use of one of the largest 
source of available renewable energy. Although the results of the study show some optimism, 
there are several obstacles remaining that need to be addressed before the use of solar energy can 
be popular as conventional energy sources. 
Responses obtained from interviews and surveys pointed that, in spite of the cost barriers, 
the various government support including funding options and financial assistance by federal,
state and local governments encourage the stakeholders to use various solar techniques in the 
buildings. It is essential to continue, or even better increase, the government supporto solar 
energy through regulatory support or financial incentives. Such initiatives will be very helpful 
for promoting solar energy use in the Northeastern region where unsuitable climatic conditions 
were found to be a barrier, in this research. 
In this research, the opportunities like decrease in greenhouse gas emissions and better 
public image topped the list. Most of the survey respondents and interviewes agreed to the same. 
Another area of opportunity for more use of solar energy is the increased awareness and concern 
of the people about the environment and fossil fuel usage reduction. Since this study focused on 
green buildings, it was not surprising that more sources of renewable energy were incorporated 
in the buildings to attain the necessary number of LEED credits; which in turn is expected to 
result in better public image and market value. Institutions, including private and public, can help 
in sustaining and promoting environmental awareness. This will be an encouragement for the 
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investors and the owners to use active solar energy in buildings. Tables 15 and 16 below shows 
the result of the various research aspects studied in this research. 
Research Conclusion 
Research aspects Opportunities 
Environmental benefits and concerns Decrease in GHG emissions 
Marketing and public relations Better public image 
Environmental benefits and concerns Reduction in fossil fuel usage 
Improvement in Technology LEED Credits 
Government Incentives Government incentives or tax credits 
Marketing and public relations Marketing advantages 
Improvement in Technology Technology improvements in solar energy 
Other Minimize effects of energy price increases 
Marketing and public relations Demanded / Appreciated by Occupants 
Economies of scale Decreasing cost of solar energy due to economies of scale 
Table15: Responses obtained during research of opportunities for use of solar energy in commercial buildings 
Research aspects Obstacles 
Financial Feasibility High Initial Investment 
Financial Feasibility Not financially feasible 
Financial Feasibility Concern about return of investment 
Financial Feasibility Longer payback period 
Financial Feasibility Concern about life cycle cost 
Other Unsuitable climate conditions 
Table16: Responses obtained during research of obstacles for use of solar energy in commercial buildings 
As seen from the above tables, the respondents were more unanimous and vocal about the 
obstacles. As many would have expected, financial concerns top the list of obstacles for th  use 
of more solar energy techniques. The respondents also pointed out that new technology in the 
market has its own difficulty to overcome the existing established energy source  and systems. 
Currently the main source of power is from fossil fuels and in most cases new infrastructure will 
be required for solar energy technologies installed in a building. Since the research was 
conducted on the green buildings in northeastern region of US, climatic conditions als  stood out 
as a roadblock discouraging the utilization of solar energy.  
The research underlines that there are different factors aiding the implementation of solar 
energy utilization strategies in commercial office buildings in Northeasern United States. These 
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favorable factors include the research aspects: environmental benefits and concerns, marketing 
and public image, improvement in technology, government incentives, economies of scale and 
minimizing solar energy price increases.  
In summary, even though there are opportunities can generate interest in the short term, 
the long term success of using solar energy in commercial office buildings depend on the success 
of solar energy in approaching parity in cost. This assumes more significance as the presence of 
some of the opportunities like government incentives and marketing and public relations in he 
long term is at best doubtful. As geographic climatic conditions were also listed a  an obstacle, 
hybrid systems may be best tapping solar energy for energy needs when available and at the 
same time avoiding the sole reliance of solar.  
Further research and investment should be encouraged to increase and maximize the use 
of active solar energy in commercial buildings in the northeastern region of US. A few potential 
areas include the optimization cost and increased efficiency of PV system, investment in the 
infrastructure suited for solar energy, increasing environmental awareness and continued 
financial incentives from the government. 
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Appendix A: Abbreviations 
1. LEED - Leadership in Energy and Environmental Design  
2. LEED AP - Leadership in Energy and Environmental Design Accredited Professionals 
3. USGBC - United States Green Building Council 
4. EPA – Environmental Protection Agency 
5. DoE – Department of Energy  
6. EIA - Energy Information Administration 
7. NYSERDA - New York State Energy Research and Development Authority 
8. DASNY – Dormitory Authority of State of New York 
9. REPI - Renewable Energy Production Incentive 
10. MACRS - Federal Modified Accelerated Cost-Recovery System 
11. ITC - Business Energy Investment Tax Credit 
12. SAI – Solar America Initiative 
13. PV - Photovoltaics 
14. CSP - Concentrating Solar Power 
15. HSL – Hybrid Solar Lighting 
16. GHG – Greenhouse Gas 
17. CO2 – Carbon Dioxide 
18. IPCC - Intergovernmental Panel on Climate Change 
19. RIT - Rochester Institute of Technology 
20. RIT DML - Rochester Institute of Technology Digital Media Library 
21. CCI Center - Conservation Consultants Inc Center 
22. UPS - Uninterrupted Power Supply 
23. ROI - Return On Investment 
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Appendix B: Sample Survey 
Graduate Research Survey 
Research Topic: Identifying Opportunities and Obstacles for use of Solar Energy in Commercial Office Buildings in the North 
Eastern region of United States 
 
Project Name: XXXXX 
Location: XXXXX 
LEED Rating: XXXX 
Website containing project information: XXXXXX 
1. Please describe your role/capacity in this project? 
 
 
2. Approximately how many hours/months did you spend on this project? 
 
 
3. Are active solar energy utilization strategies adopted in this project? (Energy conservation techniques can be broadly 
classified into active and passive. Active systems u e specialized equipments like photovoltaic systems, energy efficient 
cooling or heating systems, lighting systems etc, whereas passive systems include techniques mostly integrated into the 




4. Please list the solar energy strategies adopted in the project. List all of them which are applicable. 
Photovoltaics 
Solar Thermal collectors 
Solar water heating 
Hybrid Solar lighting systems 
None 
Others (please specify) 
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5. What are the factors that were favorable for the implementation of solar energy utilization strategies in your project? 
  Most Favorable Favorable Doesn't matter much N/A 
Government incentives 




Marketing advantages Most Favorable Favorable Doesn't matter 
much 
N/A 
Better public image Most Favorable Favorable Doesn't matter 
much 
N/A 
Reduction in fossil fuel 




Decrease in greenhouse 












Decreasing cost of 
solar energy due to 
economies of scale 




Minimize effects of 





improvements in solar 
energy 




LEED Credits Most Favorable Favorable Doesn't matter 
much 
N/A 
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Others (please specify with rating)  
 
6. What are the factors that were unfavorable for the implementation of solar energy utilization strategies in your 
project?  
  Most Unfavorable Unfavorable Doesn't matter much N/A 
High Initial Investment   Most Unfavorable Unfavorable Doesn't matter 
much 
N/A 
Longer payback period Most Unfavorable Unfavorable Doesn't matter 
much 
N/A 
Concern about return 




Concern about life 




Not financially feasible Most Unfavorable Unfavorable Doesn't matter 
much 
N/A 
Lack of market 




Lack of qualified 




Investors were not in 




Occupants were not in 




Concern about toxicity 
of components in photo 
voltaic systems / 
components 





energy sources were 
more appropriate 




Did not consider solar 
energy utilization 
techniques 
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Others (please specify with rating)  
 
7. Would you consider implementing solar energy utilization strategies in commercial office buildings in the Northeast, in 
future?  










9. Would you recommend me talking to or contacting any person or organization (architect / builder / construction 
manager / facility manager / consultant / developer / planner / project manager / interior designer / other related 
professionals), actively involved in this project? 
If Yes, please provide contact details of the person or organization. 
 
